Fruits of tomato, Lycopersicon esculentum Mill. cv Liberty, ripen slowly and have a prolonged keeping quality. Ethylene production and the levels of polyamines in pericarp of cv Liberty, Pik Red, and Rutgers were measured in relation to fruit development. Depending on the stage of fruit development, Liberty produced between 16 and 38% of the ethylene produced by Pik Red and Rutgers. The polyamines putrescine, spermidine, and spermine were present in all cultivars. Cadaverine was detected only in Rutgers. Levels of putrescine and spermidine declined between the immature and mature green stages of development and prior to the onset of climacteric ethylene production. In Pik Red and Rutgers, the decline persisted, whereas in Liberty, the putrescine level increased during ripening. Ripe pericarp of Liberty contained about three and six times more free (unconjugated) polyamines than Pik Red and Rutgers, respectively. No pronounced changes in spermidine or cadaverine occurred during ripening. The increase in the free polyamine level in ripe pericarp of Liberty may account for the reduction of climacteric ethylene production, and prolonged storage life.
A regulatory role for polyamines in plants is suggested by their ubiquity, their abundance in actively growing tissues and their decline in senescing tissues, the regulation of their production by factors that affect plant growth and development, and their effects on plant growth and development when applied to plants (9, 10, 22) . Little is known about the role of polyamines in fruit development. In avocado (13, 26) , apple (6) , pear (25) , and tomato cv Rutgers (4) fruits, free polyamine levels decline during fruit development. An increase is observed in the fruits of mandarin (16) , Shamouti orange (11) , and tomato landrace Alcobaca containing the recessive allele alc (7) during fruit maturation and ripening. Infusing polyamines into pear fruits delayed fruit ripening (25) . These findings suggest that free polyamines serve as endogenous antisenescence agents.
Ethylene is a senescence-promoting hormone and accelerates fruit ripening (1, 27) . Free polyamines inhibited ethylene production in a variety of tissues (2, 5, 8, 24) including tomato pericarp (18) . Ethylene opposite effects in relation to fruit ripening and senescence (3, 5, 9, 22, 26) . Because of this, polyamine and ethylene physiologies may be linked during fruit development. This paper describes the changes in free polyamine levels and ethylene production during fruit development in pericarp from normal and slow ripening tomato cultivars.
MATERIALS AND METHODS

Plant Material
Fruits at various stages ofdevelopment were harvested from greenhouse-grown plants oftomato (Lycopersicon esculentum Mill.) cv Liberty, Pik Red, and Rutgers. Fruits were graded for maturity and ripening stages (12, 17) . The six fruit stages used were immature green, mature green, breaker, pink, light red, and red.
Polyamine Analysis
Polyamine analyses were performed as described elsewhere (23) . Because free, but not conjugated, polyamines have been implicated as endogenous antisenescence agents (10, 15, 21) , only free polyamines were analyzed. After tissue homogenization in chilled mortars with pestles in 0.2 N HC104 (100 mg tissue/mL acid) and dansylation of the extracts, dansylated polyamines were separated by HPLC on a 4.6 mm x 25 cm reverse phase C18 column packed with 5,um Whatman ODS-3 resin. The polyamines were eluted with a 23 min 60% to 95% methanol in water gradient. Peaks were detected with an in-line fluorescence spectrophotometer (Perkin Elmer, model 650-10S, excitation = 365 nm, emission = 510 nm) and quantification was done using a relative calibration procedure as described in Smith and Davies (23) . The identity of the dansyl polyamines was determined by retention times relative to an internal standard of 1,6-diaminohexane, by coinjection of known standards, and by mass spectrometric verification of HPLC-eluting peaks. A Kratos MS25 RFA mass spectrometer with a DS90 data system was used. Didensyl Put2 and Cad were analyzed by direct injection probe as dried residues using electron ionization (70 eV). Samples were volatilized using a temperature gradient of 100 to 400°C over 6 min with peak ion levels detected from 200 to 250°C. Samples from Plant Physiol. Vol. 92, 1990 both HPLC fractions and standards had volatility and fragmentation patterns identical to each other and to those reported by Seiler et al. (20) for dansylated polyamines.
Tridansyl Spd was analyzed as a dried residue by desorption chemical ionization (70 eV) using isobutane as reagent gas (-0.9 bar). Both HPLC fraction samples and standard samples of tridansyl Spd were detected within 30 s of a temperature gradient program of 100 to 600C over 1 min. The 'softer' ionization allowed detection of higher mass fragments as well as molecular ions with mass additions due to the reagent gas that were in agreement for all samples analyzed. Fragmentation was characteristic of tridansyl Spd as reported by Seiler et al. (20) .
Tetradansyl Spm was also analyzed using desorption chemical ionization; however, only detection ofmolecule fragments characteristic of dansylated polyamines was achieved.
Ethylene Analysis
Pericarp slices were prepared as previously described (19) . One g lots of pericarp slices were incubated at 230C in sealed 25-ml Erlenmeyer flasks containing 2 mL of 10 mM Mes-KOH (pH 6.0) and 200 mM sorbitol. Ethylene in air samples collected during incubation was analyzed with a gas chromatograph (14) .
The data presented in the "Results" are for single experiments with triplicate samples and are representative ofa group of three or more experiments.
RESULTS
Ethylene Production and Fruit Ripening
All cultivars exhibited a climacteric rise in ethylene production (Fig. 1) during ripening. Cad levels also remained similar in Rutgers pericarp during ripening. At the red stage, Liberty pericarp contained about three and six times the amount of free polyamines as Pik Red and Rutgers pericarp, respectively.
DISCUSSION
Pericarp of Liberty shows increased free polyamine levels and decreased climacteric ethylene production in ripening fruits as compared to pericarp of Pik Red and Rutgers. Fruits of Liberty also ripen more slowly and have a longer keeping quality than fruits of Pik Red and Rutgers. Since applied polyamines have been shown to inhibit ethylene production in a variety of plant tissues (2, 5, 8, 24) including tomato pericarp (18) , the elevated level of free polyamines may be responsible for the reduction in both ethylene production and ripening of Liberty fruits. Alternatively, but less likely, the increase in the free polyamine level may reflect an otherwise inhibited ripening process. Because free polyamines act as antisenescence agents in some tissues, the elevated level of free polyamines in ripe tissue may also be responsible for the longer keeping quality of Liberty fruits in that overripening is a process associated with senescence. Elevated levels of free polyamines have similarly been observed in the pericarp of tomato landrace Alcolaca having the recessive allele alc (7) . Like Liberty fruits, alc fruits also ripen slowly and have prolonged keeping qualities (7) . Furthermore, when inhibitors of polyamine biosynthesis, i.e., difluoromethyl ornithine, Darginine, L-canavanine, were applied to pericarp of Liberty, free polyamine levels decreased (R Saftner, unpublished data) and ethylene production increased (18) . The ripening process also can be delayed in tomato fruits just beginning to turn red by infusing them with Put (P Davies, personal communica- Figure 1. tion). Thus, free polyamine and ethylene physiologies are interrelated and may account, at least in part, for the ripening and storage characteristics of tomato fruits. 
